Background: There is a rapidly ageing population globally, leading to a rise in subsidised public housing in many countries for older adults. According to the World Health Organisation, depression is the most prevalent mental disorder in older adults. There is a gap in literature on the factors associated with depression in those residing in studio apartments for older adults, characterised by small living spaces and isolated community settings. Objective: The aim of this study was to examine the associations between socio-demographic variables, social support, selfperceived health and mental status, life satisfaction, exercise, physical functioning, chronic conditions, and the use of eldercare services, with depressive symptoms. Methods: We utilised a cross-sectional study of older adults aged ⩾55 years residing in Singapore's studio apartments. Multivariable logistic regression was applied. Results: Widowhood was associated with depressive symptoms, compared to being married or having a domestic partner (adjusted odds ratio (AOR) = 1.70, 95% confidence interval (CI) = 1.01 to 2.86). Odds of depressive symptoms were associated with difficulty bathing and showering (AOR = 3.74, 95% CI = 1.06 to 13.21). Depressive symptoms were associated with cataract (AOR = 1.67, 95% CI = 1.01 to 2.77) and urinary tract disorder (AOR = 4.70, 95% CI = 1.21 to 18.26). There were dose-response relationships between higher odds of depressive symptoms and poorer social support, self-perceived mental health, life satisfaction, and exercise behaviour (p for trend < 0.001). Conclusion: Factors including widowhood, physical functioning difficulty, chronic conditions, low social support, low selfperceived mental health, poor life satisfaction, and lack of exercise behaviour, were associated with depressive symptoms in older adults residing in studio apartments. More attention is needed to care for the psychosocial and physical needs of older adults in studio apartments.
Introduction
There is a rapidly ageing population from lower fertility rates and higher life expectancies globally. 1, 2 By 2030, one in five persons worldwide would be aged 60+ years. 1 By 2050, 44% of the world' s population will live in relatively aged countries, with at least 20% of the population aged 60+ years, and one in four people living in a country where more than 30% are aged above 60 years. 1, 2 According to the World Health Organisation (WHO), over 20% of older adults aged 60+ years suffer from a mental disorder, with depression being the most prevalent, affecting 7% of the world' s older population. 3 Depression accounts for 5.7% of Years Lived with Disability (YLD) among these older adults. 3 Depressive symptoms are frequently unnoticed and untreated, and older adults with depressive symptoms have poorer functioning than those with chronic conditions like hypertension or diabetes. 3, 4 The WHO Comprehensive Mental Health Action Plan 2013-2020 highlights the importance of addressing mental health in older adults, especially depressive symptoms. 3 Importantly, this ageing phenomenon has led to a rise in subsidised public housing in many countries, particularly studio apartments (SAs), built specifically for older adults, many of whom live alone. [5] [6] [7] Literature shows that depressive symptoms associated with older adults living alone due to widowhood, having never married, being childless, or lacking communication with relatives and friends. [8] [9] [10] In Japan, older adults living in isolation is reaching epidemic proportions, to the extent of numerous older adults not being assisted in critical conditions and found dead alone a significant time later. 11 Furthermore, Japanese older adults living alone significantly associated with depressive symptoms like loss of appetite, suicidal thoughts, and worrying. 12 A study in Korea found that older adults living alone with superficial social support and relationships associated with suicidal ideation. 13 Currently, most literature focus on factors for depressive symptoms associated with older adults in nursing homes or exclusively living alone. [14] [15] [16] A systematic review on living arrangements and elderly depression found that depression associated with older adults residing alone, in old folks' homes, or being institutionalised, and there was a lack of studies examining public housing for the aged and depression. 17 There is a gap in understanding the unique living arrangements and immediate environments of public housing for older adults, particularly SAs, characterised by small living spaces and relatively isolated community settings. 7, 18 We aim to examine psychosocial and physical factors associated with depressive symptoms of older adults residing in public housing for the aged in Singapore, particularly in SAs. Singapore serves as a suitable country for this study due to its ageing multi-ethnic population, and having subsidised SAs for older adults for more than two decades. 19 
Methods

Study design and participants
Participants were from a cross-sectional social survey conducted in Singapore from May to December 2012, under the project 'The Home Safety Issues for Older Adults Living Alone: Enhancing Independence and Dignity in the Face of Environmental Press', with a sampling frame consisting 100% of older adults residing in SAs in Singapore (n = 1861). SAs were 35 or 45 square metres, with elderly-friendly features including non-slip tiles, lever taps, support hand bars, and emergency pull cords linked to an alert system. 20 Older adults were Singapore citizens or permanent residents, at least 55 years old, who must reside with a spouse unless unmarried, divorced, or widowed, and had gross monthly household income not exceeding SGD$10,000. 21 To minimise non-response, interviewers visited the SAs of non-respondents on different days of the week, and at different times of the day. Continued non-response from additional visits was followed-up by leaving a note on the survey form and slipped into the SA for residents to contact interviewers.
The structured interviewer-administered questionnaires were conducted on a one-to-one basis with an average duration of 1.5 hours per participant. The questionnaire included data on: demographics; activity profile; social support; health status; life satisfaction, physical functioning and use of devices; attitude towards assistive devices and home modification; self-care; neighbourhood environment; quality of services; living arrangement; and attitude towards living alone. Interviews were carried out in Singapore' s four national languages: English, Mandarin, Malay, and Tamil. Interviewers were from an independent professional survey company.
Outcome measure
The outcome measure was being symptomatically depressed. Depressive symptoms were measured using the modified version eight-item CES-D (Center for Epidemiologic Studies-Depression). [22] [23] [24] Each item was scored on a four-point Likert-type scale consisting of: rarely/none of the time = one point; some or little of the time = two points; occasionally/a moderate amount of time = three points; most/all of the time = four points. The eight items were on whether participants experienced these eight depressive symptoms during the past one week: depressed; everything I did was an effort; sleep was restless; could not get going; felt lonely; enjoyed life; felt sad; was happy. Reverse coding was done for two of the eight items: enjoyed life; was happy.
The scores from the eight items were added to obtain a single summated score, which ranged from eight to 32 points. The higher the summated score, the more symptomatically depressed the participant. We utilised a cut-off point of six points and above for classification as symptomatically depressed. This cut-off was derived using proportional strategy from the 20-items CES-D scale. 25 The original 20-item CES-D scale was a widely used, valid, and reliable index for measuring depressive symptom severity among older adults and has been validated in Singapore. 26 The eight-item CES-D was validated on European and American older adults under the European Social Survey and the Health and Retirement Study, respectively. 27, 28 Cronbach' s Alpha was high at 0.8542 for the eight-item CES-D in this study.
Independent variables
The independent variables consisted of psychosocial and physical factors.
Psychosocial factors consisted of social support, self-perceived health status, life satisfaction, sensory functioning, exercise behaviour, use of eldercare services, and neighbourhood environment. Physical factors referred to physical functioning and the presence of chronic medical conditions.
Physical and sensory functioning were assessed collectively due to the design of the questionnaire.
Social support. We used the Multidimensional Scale of Perceived Social Support (MSPSS), which measured social support via relationships with family, friends, and significant others. MSPSS is a widely used scale in different populations, which included Singapore citizens and older adults, and was shown to be psychometrically sound, with good reliability, factorial validity, and adequate construct validity. 29, 30 There were 12 items and each item was rated on a five-point Likert-type scale ranging from strongly disagree (one point), to strongly agree (five points). The summated range was 12 to 60. The higher the MSPSS score, the better the social support. Cronbach' s Alpha was 0.9173 in this study.
Social support by marital status was also examined. Categories of marital status comprised: married/domestic partner; separated/divorced; widowed; never married.
Self-perceived health status. Participants responded to three self-reported questions on their self-perceived overall, mental, and physical health: 'In general, would you say that your (overall/mental/physical) health is…', and responses were categorised into five options: very poor = one point; poor = two points; fair = three points; good = four points; excellent = five points. The three questions were analysed separately.
Life satisfaction. Life satisfaction was measured using selfreported responses to: 'How satisfied are you with your (health; financial/economic situation; relationship with significant other; condition of house; community or neighbourhood; life and leisure; overall)?' Responses were categorised using a Likert-type scale of 0 to 100 for each question, 0 being 'absolutely dissatisfied' and 100 being 'absolutely satisfied' . Unlike other Likert scales in this study where all question could be answered, a couple of questions in the Life Satisfaction scale may not be applicable for certain participants. The analysis was based on the total number of questions that were applicable to each of the participants. For example, a participant who was single with no significant other, would be unable to answer how satisfied he/she was with the current relationship with his/her significant other, and this was accounted for when calculating the percentage score. The higher the summated score, the higher the satisfaction. 31 Physical and sensory functioning. Physical functioning was assessed based on activities of daily living, including bathing and showering, getting in and out of bed, and short-distance walking. Sensory function included vision and hearing. Participants self-reported if they had 'difficulty with' each item, and responses were categorised into: no; yes; not applicable. Each item was analysed as an individual dependent variable.
Exercise behaviour. Participants responded to the two statements: 'Do regular exercise that are good for me'; 'Find safe and comfortable ways to prevent from getting hurt when doing exercises' . The responses were categorised as follows: completely = four points; mostly = three points; somewhat = two points; a little = one point; not at all = 0 points. The summated score of two statements ranged from 0 to 8. The higher the score, the greater the exercise behaviour.
Eldercare services and assistance. Participants were asked about their participation or uptake of eldercare services and assistance, such as counselling and community case management services (CCMS), and the responses were categorised into 'yes' and 'no' .
Neighbourhood environment. We modified the Neighbourhood Environment Scale (NES) to the Singapore context. The NES is a 10-item assessment related to perceived personal safety, physical appearance, convenience of neighbourhood, and appraisals of dangers posed by others in the neighbourhood. 32 Each item was rated on a five-point Likert scale ranging from 'strongly disagree' (one point) to 'strongly agree' (five points). The question, 'I and my visitors have been lost because of no or unclear signs of directions', was reversecoded. The summated range was 10 to 50. The higher the summated NES score, the better the perception of the neighbourhood environment. Although the NES was developed for use in the context of children and families, the majority of the items were relevant to older adults. 32 The modified NES scale' s Cronbach' s alpha was 0.8046 in this study.
Chronic medical conditions. Participants self-reported on whether they were diagnosed by medical doctors or health professionals with chronic conditions such as asthma, cataract, circulation trouble in arms or legs, urinary tract disorder, depression, general weakness, and high blood cholesterol. Responses were categorised into 'yes', 'no', 'don't know', and 'refused to answer' .
Socio-demographics. Additionally, we examined the potential confounders or covariates, including age, gender, ethnicity, living arrangement, SA type, and highest education level.
Statistical analysis
Scores for depressive symptoms were not studied as a continuous variable as scores were skewed even after transformation. We studied depressive symptoms as a binary outcome, as having depressive symptoms (CES-D ⩾ 6) or not (CES-D < 6).
We calculated the proportions for categorical variables by the status of being symptomatically depressed (i.e. CES-D score ⩾ 6). Pearson' s Chi-Square test or Fisher' s Exact test was used to compare proportions between groups, and we presented categorical variables as frequencies and percentages. For continuous variables that were normally distributed, we summarised them with means and standard deviations, and Student' s t-test was used to compare difference between groups. For those not normally distributed, we calculated medians and inter-quartile ranges, and the Wilcoxon ranksum test was used to assess difference between groups.
Bivariate analysis was conducted to examine the association between the outcome of interest (i.e. CES-D yes/no) and individual variables, to identify potential confounders or covariates for inclusion in the multivariable model. Unconditional multivariable logistic regression was used to compute adjusted odds ratios (AORs) and 95% confidence intervals (CIs) of the dependent variables associated with depressive symptoms. The forward stepwise method was used to determine the confounders or covariates for inclusion in our multivariable logistic regression model. We reported unadjusted and adjusted ORs, 95% CIs and p-values, and p for trend. ORs and 95% CIs were reported to two decimal places, while p-values were reported to three decimal places.
Statistical analyses were conducted with STATA 12 (StataCorp LP, College Station, TX), assuming two-sided tests with 5% level of significance.
Results
Participant characteristics by depressive symptom status
The total number of respondents was 925. Our final sample size was 899 participants, as 899 out of our total 925 respondents (97.2%) had valid results for CES-D scores to assess depressive symptoms. Singapore is a multi-ethnic country and respondents were 76.1% Chinese, 13.2% Malay, 7.8% Indian, 1.8% Eurasian, and 1.1% others. Table 1 presents the demographic characteristics of participants by depressive status (433 (48.2%) had depressive symptoms, 466 (51.8%) had no depressive symptoms), as well as the variables significantly associated with the outcome of having depressive symptoms. Supplementary Appendix Table 1 shows the descriptive data for all 925 respondents.
The proportion of participants with depressive symptoms who were single (59.12%) was higher than that of participants with no depressive symptoms (45.28%). The proportion of participants with depressive symptoms who lived alone (46.88%) was greater than that of participants with no depressive symptoms (36.91%). The age profiles between the two groups were significantly different, with 15.70% of participants with depressive symptoms age 80+ years, and only 8.58% of participants with no depressive symptoms age 80+ years. Ethnicity, education level, and neighbourhood environment were also significantly different between those with and without depressive symptoms. Social support. Higher odds of depressive symptoms were significantly associated with being widowed, as compared to being married or having a domestic partner, in both unadjusted and adjusted models (AOR = 1.70, 95% CI = 1.01 to 2.86). Participants who were separated/divorced or never married did not show a significant association with depressive symptoms in both unadjusted and adjusted models. Participants in higher quartiles of social support (Q2 to Q4) compared to the lowest quartile (Q1) showed significantly lower odds of depressive symptoms in both unadjusted and adjusted models (for Q4, AOR = 0.21, 95% CI = 0.10 to 0.42). There was a significant inverse doseresponse relationship between increasing support and lower odds of depressive symptoms (p for trend < 0.001).
Factors associated with depressive symptoms
Self-perceived health status. There was no significant association between self-perceived overall health and depressive symptoms. For self-perceived mental health, odds of depressive symptoms for participants who responded with 'good/ excellent' and 'fair', compared to 'very poor/poor', were not statistically significant in both unadjusted and adjusted models. However, there was a significant dose-response relationship between greater odds of depressive symptoms and poor selfperceived health status (p for trend = 0.001).
Life satisfaction. Participants in higher quartiles of life satisfaction (Q2 to Q4) compared to the lowest quartile (Q1) showed significantly lower odds of depressive symptoms in the adjusted model (for Q4, AOR = 0.07, 95% CI = 0.03 to 0.14). There was a significant dose-response relationship between greater odds of depressive symptoms and poorer life satisfaction (p for trend < 0.001).
Physical and sensory functioning. For both unadjusted and adjusted models, difficulty with bathing and showering, shortdistance walking, and vision, compared to the reference of 'no difficulty', were significantly associated with higher odds of depressive symptoms. The odds of suffering depressive symptoms were highest for those with difficulty bathing and showering (AOR = 3.74, 95% CI = 1.06 to 13.21). Difficulty getting in and out of bed was significantly associated with lower odds of depressive symptoms (AOR = 0.24, 95% CI = 0.07 to 0.77).
Exercise behaviour. Only participants in the highest quartile (Q4) of exercise behaviour, compared to the lowest quartile (Q1), showed significantly lower odds of depressive symptoms in both unadjusted and adjusted models (for Q4, AOR = 0.37, 95% CI = 0.21 to 0.64). There was a significant inverse dose-response relationship (p for trend < 0.001).
Eldercare services and assistance. Although not statistically significant, participants who engaged in counselling and CCMS, compared to those who did not, had much higher odds of depressive symptoms (AOR = 5.45, 95% CI = 0.85 to 34.86).
Medical conditions. Depressive symptoms were significantly associated with the self-reported diagnosis of cataract (AOR = 1.67, 95% CI = 1.01 to 2.77) and urinary tract disorder (AOR = 4.70, 95% CI = 1.21 to 18.26).
Discussion
Summary and interpretation of findings
Depressive symptoms in older adults residing in SAs were associated with widowhood, lower social support, poorer self-perceived mental health, poorer self-perceived life satisfaction, less exercise behaviour, difficulty with physical functioning, and the presence of certain chronic conditions.
The prevalence of depressive symptoms in older adults in SAs was 48%. This was higher than two studies that used CES-D to assess depressive symptoms in older adults staying in public housing in Delaware (31%) and Indianapolis (23%). 33, 34 This may be due to these two studies being on older adults in public housing in general, and not only on those who live exclusively in SAs characterised by smaller living spaces and staying alone. Another study on older adults in Care Homes in Pakistan found a higher prevalence of depressive symptoms using CES-D (69%). 35 Older adults in care homes may generally be less independent and be in worse physical health, and older adults in Singapore may have more social support than Pakistan. A Singapore study on elderly depression in nursing homes had a lower prevalence of 21% using a Structural Clinical Interview that diagnosed clinical depression, instead of CES-D that assessed depressive symptoms. 16 The association between widowhood and depression was consistent with other studies. [36] [37] [38] Depressive symptoms were attributed to bereavement, whereby older adults were more likely than young adults to develop depression following bereavement. [39] [40] [41] Our findings revealed a dose-response relationship between lower social support and depressive symptoms. This could be due to social networks of older adults shrinking due to deaths of relatives and friends, and relocation, which resulted in over-reliance on resources only available and accessible in their immediate community as sources for integration and social support. 42 Residential communities were the most salient environments for older adults, where social support and residential satisfaction are derived from relationships with neighbours, access to close-proximity services, and the immediate home environment. 43 Residence could facilitate well-being or conversely act as an obstacle that undermined social integration. 41, 44 Exercise behaviour showed an inverse dose-response relationship with depressive symptoms. This was supported by other studies that exercise prevented or reduced depression in older adults by improving physical function via aerobic fitness, and providing social interaction when they exercised with others. [45] [46] [47] A bi-directional relationship was possible, whereby depressive symptoms reduced the amount of physical activities older adults engaged in, including exercise. 48 Difficulty with bathing, showering, and short-distance walking, as well as poor vision, impair the ability to self-care and socialise, predisposing older adults to depression. [49] [50] [51] Depressive symptoms may result from loss of privacy and independence from requiring assistance with bathing or showering. Difficulty with short-distance walking and vision may reduce adults' ability to leave their homes to socialise or explore beyond their immediate residential environments, exacerbating isolation and loneliness, which are risk factors for depression. 52, 53 We found that chronic conditions that were associated with depressive symptoms were cataract and urinary tract disorder. The former impaired vision, while the latter had substantial literature supporting its association with poor mental health, psychological distress, and low quality of life from embarrassment and anxiety of urinary leakage in public situations, and self-restriction on usual daily activities. 54, 55 Reverse causation could also explain these associations. Depression may have reduced their motivation for proper self-care and to socialise, and depression may have affected their ability to follow their treatment regime for chronic illnesses leading to worse health outcomes.
Better self-perceived mental health and life satisfaction had dose-response relationships with less depressive symptoms. Literature corroborated that perceiving to have social support, concern from others, a sense of belonging, and access to neighbours were associated with less psychological distress. 56 General physical and psychological health status have shown to have a strong impact on life satisfaction. 57 For our study, life satisfaction encompassed a broad range of indicators like health status, financial status, relationship with family (spouse, children, siblings) and others (friends, neighbours), community environment, and leisure. This suggested complexity in assessing the well-being of older adults, which required a more integrative approach to prevent depression.
Our study revealed key public health implications for developing interventions to mediate factors associated with depressive symptoms among older adults residing in SAs or residences of comparable environments, especially to prevent the onset of clinical depression. There is a necessity for social support in immediate environments of older adults, particularly those who are widowed. Resources should be allocated to providing social-care services in communitybased settings around SAs, such as senior activity centres, befriending services, and socio-recreational facilities, to enable older adults with physical function difficulties to engage in some social activity to minimise isolation and loneliness. Exercise facilities and programs should be accessible to increase exercise behaviour, which may result in a slower progression of loss of physical function and increased social interaction.
Strengths and limitations
Our study was the first to examine the factors associated with depressive symptoms in older adults in Singapore living in SAs, with results potentially applicable to other ageing countries with older adults in similar living arrangements who risk suffering from depression. Our study examined intra/inter-personal, physical, clinical, and psychosocial factors. However, independent variables were self-reported, with potential recall errors and biases. Chronic conditions may be under-reported due to under-diagnosis by persons of lower socioeconomic backgrounds and reporting error by older adults due to memory issues or reluctance to share medical history. Despite substantial efforts to minimise nonresponse rates described earlier in the paper, we recognise that a response rate of 49.7% may be suboptimal. However, we need to consider that our target population was older adults who may have medical conditions, physical disabilities, lower cognitive function, and from an older generation that is largely conservative towards sensitive topics like mental health. Regarding the likely directionality of non-response bias, persons who declined contact were likely more incapacitated from medical conditions and physical disabilities, had lower cognitive function, were of a lower socioeconomic status, and were of the 'oldest old', and, hence, likely to suffer more depressive symptoms. Our findings on the associations between independent variables and depressive symptoms are likely underestimated. The CES-D eight-item scale could not diagnose depression, but is a good tool for assessing depressive symptoms and is validated in Europe and America 27, 28 (high Cronbach's alpha of 0.85 in this study). The study population was older adults residing in SAs; hence, our findings cannot be extrapolated to other older adult populations. The cross-sectional design limited causal interpretations, but future studies could utilise prospective designs.
Conclusion
Factors including widowhood, physical functioning difficulty, chronic conditions, low social support, low self-perceived mental health, poor life satisfaction, and lack of exercise behaviour, were associated with depressive symptoms in older adults residing in SAs. More attention is needed to care for the psychosocial and physical needs of older adults in SAs.
